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SUMMARY

An experimentalwind-tunnelinvestigationwasconductedatMach1.9
to determinethepressuresactingonthebaseofa mltijetxnissfieusing
unheatedairandcsrbondioxideas jetfluids.Thevariationofbase
messurewith.Ietstatic-pressureratiowascmparedwithresultsesti-
“~ted foran&.symetric-single-jet model
observed.

INTRODUCTION

andsc# correlationwas

Theresultsofnumrousinvestigationsofbasepressureofbodies
withexittigjetshavebeenpublishedrecently{e.g.,refs.1 to 6).AU
thesestudieshavebeenconcernedwiththecaseofa stiglejet. For
sometypesofballisticrocket,however,mltiplejetsmsydischargeat
thebase. Suchmissilesacceleratetohighsupersonicspeedswhile@i12
withtitheatmosphereand,althoughthebasepressuremaybe unimportant
withrespectto aerodynamicdrag,itmayassumehportancewithregard
to Structuralloads.

Thepresentinvestigationwasconcernedwitha singleWge sustainer
rocketsurroundedby foursmallerboosterrockets.Ml e’ngineswereen-
closedina fairi.ngthatcreateda largemount ofbhmt basearea.The
basepressureforthisconfigurationwasdetermhedatMach1.9usingboth
unheatedairandcarbondioxideas Jetfluids.TheJetstatic-pressure
ratiowasvariedovera rangelikelytobe encounteredduringtransient
flightatthatMachnuniber.

SYMBOIS
. Thefollowhgsymbolsareusedinthisreport:

~/~ ratioofnozzleexitareatototalprojectedbasearea.
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pressurecoefficient,2 —

rP&2

Machnumber

totalpressure

staticpressure

conicalboattailhalfsingle,deg

ratioof specificheats

halfangleatnozzleexit,deg

Subscripts:

b base

J. jetconditions

o freestrepm

atnozzleexit

APPARATUSANDPROCEDURE

I/

—

Themultijetmissilemodelwasdesignedto giverealisticvalues
forthenozzlejetstatic-pressureeventhoughthejettotal-pressure
andnozzleexpsmsionratioswerefarbelowthosewhichshouldoccurwith
rocketenginesat highaltitudes.Thepremiset@t Jetstatic-pressure
ratioistheprinciplevariableto correlatetheeffectof JetMachnum-
berwithbasepressureisindicatedinreference2 andsubstantiatedby
unpublisheddata.TheJet.static-pressureratiospj/po selectedas
typicalforsustainerandboosternozzleswere2.33 and0.73respectiv-
Iy. Sincetheavailableairsupplylimitedthetotal-pressureratio
pJ/Po to approximately20,theresultingsustainerandboosternozzle
Jettotal.-to-staticpressureratiosPj/Pjwere27.4and8.6respec-
tively.Bothnozzleshada divergenceangleof15°. -

Themultiple-nozzleafterbodyunder6tudywasaffixedtoa cone-
cylinderforebodysupportedby a hollowstrutthroughwhichthejetgas
wassupplied.Thisasseniblywasmountedinan18-by 18-inch,Mach1.9
tunnelas illustratedinfigure1. Pertinentdimensionsandpressure
instrumentationofthemodelaregiveninfigures2(a}and(b). Inad-
ditionto studyingthebasicconfQuration,severalexperimentswere
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madewiththe&&l
tionof ramscoops.

L~. .—,. .-.—..:-z-- -

showninfigure2(c)whichwasmcdifiedby theaddi- -
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Basepressureandjetstatic-pressuremeasurementsweremadefora
b rangeof Jettotal-pressureratiosutilizingeitherairor carbondioxide

as Jetgases.,Jettotalpressurewasmeasuredwithinthemodeljustup-
stresmofthenozzles.Allnozzleswereoperatedsimul~eousl.yatthe
ssnetotalpressure.~essureswerephotographicallyrecordedondibutyl
phthalateandtetrabromoethanemultiple-tubemanometerboards.Thetotal
temperatureofthetunnelflowwas150°F andthestresmReynoldsnuniber
per-footwas3.24KL06.Thedewointofthetunnelairwas&ntained
below-5°F totiirnize
undriedserviceair.

condens;tioneffectsalthoughthejetsup@ywas

.

DISCUSSIONOFRESULTS

ThevariationofbasepressureccefficientwithJettotal-pressure
ratioisshowninfigure3. Becausethevariationofbasepressureco-
efficientbetweenthevariousorificelocationswasobservedtobe less
thanW.01, onlyaveragevsluesarepresentedherein.Thedataobtained
withcarbondioxidedifferedonlyslightlyfromthoseobtainedwithair,
indicatinglittleeffectof specificheatratioy. Ithasbeendemn-

. stratedh reference2,however,thatthevalidityofutQizimgcarbon
dioxideto simulatea hotjetwitha lowspecificheatratiois subdect
to somequestion.

v
Theshockstructuresdownstreamofthenozzlesareshowntithe

schlierenphotographsoffigure4 forseveraLjettotal-pressureratios.
Onepointof interestistheinwarddeflectionoftheboosterJetwakes
despitetheoutwardticli.nationofthenozzleaxesthatiscausedby
highpressuresontheoutboardsideofthejetandthelowpressureson
theinboardside.

Thebasepressurecoefficientsoffigure3 arereplottedinfigure
5 asa functionof jetstatic-pressureratio.Twocurvesresultstnce
eachvalueofbasepressurecoefficientwasplottedat twomeasured
static-pressureratios,onecorrespondhgtotheboosternozzlesandthe
otherto thesustainernozzle.Thenozzleswereoperatedat dtiferent
Jetstatic-pressureratiossincetheyweredesignedforbestoperationin
differentaltituderanges,andthushaddiffer-texpansionratios.The
dashedportionsofthecurvesindicateflowseparationwithinthenozzles.
Superimposedonthefigureistheestin!atedvari.ationforthecaseofa
stiglejetdisch=gingfromthebaseof an axiaUysymetricbodyofzero
boattailsqgle(dot-dashcurve).Theratiooftotalnozzle-exitareato
totalbasearea[~/Ab= 0.4)andthenozzlehalf-anglec weremati-
tainedthesameasthemultijetcase.Theestimatedvari&tionwasob-
tatiedbyinterpolattigbetweenunptilisheddataformdels havtig

. convergent-divergentnozzlesandvaluesof ~Ab of0.36and0.51.
Thedatawereobtainedinthesametunnelwiththes- supportbody.
Smallcorrectionsweremadeforthedesirednozzleandboattailangles

.
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andtheresultingestimateof Cm-b isconsideredreliableto~.02.
Theest~ted variatim of the sfigle Jet case falls betweenthe curves
for the boosterandsustatiernozzles. This is not surprisingsince .
all thenozzlesplaya partinestablishingthebasepressure.Ifan
attempthadbeenmade,priortothisexperiment,topredictthebase
pressureofthemultijetconfigurationfromthesingle-jetdata,it
wrmldhavebeennecessaryto estimatea meaneffectivejetstatic-pressure
ratioforthreemulti~etcasewithwhichto entertheslmglejetcurve.
Thepresentdataaretoolimitedtoverifyanymethodforfindingthis
meanalthoughit @ titerestingtonotethattheuseofthesustainer
nozzlejetstatic-pressureratioalonewouldhaveyieldedvaluesofbase #
pressureclosetothosemeasuredev~ overthedashedportionofthe
curvewheretheflowwithinthenozzleisseparatedand Pj = ~. For
mostapplications,thesolidportionsofthecurvescorrespondingtoun-
separatedflowinthenozzlesrepresentsthersmgeofpracticaltiterest.

Fora missile withmulti~etrocketboosterengines,onepossible
designwouldbe tomounttheenginestoa mainfrsmesndenclosethem
h a commonfairing.A methodofreducingpotentialloadsonsucha
fairingwasinvestigatedbymountingbounda~-layerscoopsatthebase
ofthebodybetweentheboosterrocketsinordertopressurizethebase
region.Althoughinactualpracticethispressurizationmightincrease

.

theairloadsonthesustainernozzle,forwardlocationofthescoops,
withsuitablebaffles,mightsuffice.Theresults!ofthescooptests
aresummarizedinfigure6.

+
Againthebasepressurecoefficientsrepre-

sentaveragevaluesbutinthecaseofthefourscoops,whereonepar-
tiallycoveredthetistrumentedquadrant,thevariationsacrossthebase
werequitelarge@.07). Thepressuresonthebaseofthescoopsas
measuredwitha singleorificearealsopresented.WithfOLlrSCOOPS,
theaveragebasepressurewasraisedaboveambientalthoughthepressure
onthebackofthescoopsremainedlow. Wfthtwodiametrical.lyopposite
scoops,thebasepressureina quadrantwithouta scoopwasincreased
overtheno scoopvaluebutremainedbelowambientpressure.Therewas
no instrwnentationh a scoopquadrantforthetwoscoopcase.Again
thescmp basepressurerenminedlow.

kWiS Flight~OptiSiOIl Laboratory
NationalAdvisoqCommitteeforAeronautics

Cleveland,Ohio,llecember8, 1954
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(c) Ram scoops.

Figure 2. - Concluded. MultiJetconfiguration.
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Jet total-pressure ratio, Pj/~

Figure 3. - Jet effect on base preseure,
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No jet flow; jet tutal-presewre
ratio, 0.41.

Jet total-pressure ratio, 5.98.

Jet total-preamre ratio, 1..T8.

Jet totel-pressure ratio, 15.68.

Figure 4. - Schlieren photographs at verious jet total-pressure ratios.
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n Four SCCCIIX3
o Two scoops, opposite

(none In orifice qwdmmt)
Tailed symbols titicat,e pres-
sures on base of Bcoops
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Fim.ue 6. - Effect Of ECOOM on base Pressure. (A curve was not fairad throwh the three points
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